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(57) Abstract: A process for treating water to remove nitrogen to required low treatment level, using post-denitrification mecha- 
nisms without addition of carbon sources, and characterized in that it comprises the steps of (h) providing an aerobic zone (1) having 
an aerobic mixed liquor having organisms which degrade the carbonaceous matter and nitrify the aerobic mixed liquor; (ii) provid- 
ing an anoxic zone (2) having an anoxic mixid liquor having organisms which denitrify the anoxic mixed liquor without any need 
of additional carbon sources; (j) flowing water to be treated into said aerobic zone (1); (k) flowing aerobic mixed liquor into said 
anoxic zone (2); (1) contacting anoxic mixed liquor against the feed side of a membrane filter (3); (m) producing a treated effluent 
lean in nitrogen, BOD, COD suspended solids and organisms from a permeate side of the membrane filter (3); and (n) removing 
some or all of the material rejected by the membrane filter (3) from the process, wherein the steps above are performed substantially 
continuously and substantially simultaneously. 
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BIOLOGICAL TREATMENT PROCESS INVOLVING POST-DENITRIFICATION MECHANISM AND A 
MEMBRANE FILTER 

The invention deals with biological water treatment process. More precisely, the 
invention deals with a Membrane Bioreactor (MBR) technology. 
State of the art 

The Membrane Bioreactor (MBR) technology combines the activated sludge 
treatment technology with membrane filtration. It was developed in the 80's and has been 
widely used for treatment of industrial wastewater and municipal wastewater. 

Compared to traditional activated sludge treatment technology, MBR technology 
offers the following advantages: advanced treatment (COD, Nitrogen, Pathogens, etc), 
robustness and compactness. 

Traditionally, MBR systems are operated with high sludge age (solid retention 
time), and low mass organic load. These conditions favour ammonification and 
nitrification mechanisms in the aerobic zone (biological transformations of organic 
nitrogen compounds to ammonia, and ammonia to nitrate via nitrite). When denitrification 
is required (nitrogen removal mechanism, through the transformation of nitrate to nitrogen 

gaz), an anoxic zone is added. 

. _ j" i. 

To the inventors knowledge, in MBR systems, the anoxic zone was to date always 
implemented in pre-denitrification configurations (anoxic zone ahead of the aerobic zone), 
with a mixed liquor recirculation loop from the aerobic zone to the anoxic zone. This 
configuration originated from conventional activated sludge systems, that are traditionally 
designed with pre-denitrification process. This is expected to offer the following 
advantages : 

(i) use of biodegradable organic matter available in the anoxic zone to improve 
denitrification rate, hence reduce the required volume of biological reactor, and 

(ii) use of oxidation capacity of nitrate to degrade part of the organic matter, hence 
to reduce oxygen demand and to achieve saving in aeration requirement. 
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The inventors identify these advantages as non-substantial with MBR systems for 
the following reasons: 

(i) due to the low mass organic load of MBR processes, the amount of 
biodegradable organic matter available for denitrification in the anoxic zone is very low, 
hence the denitrification rate is close to the endogeneous denitrification rate (minimum 
denitrification rate observed when no organic matter is available), and 

(ii) the aeration requirement of MBR systems are mainly related to the aeration of 
the membrane filter in order to limit the fouling of the membrane, and not to the oxygen 
requirement of the mixed liquor, therefore the reduction in oxygen demand due to the pre- 
denitrification mode is not expected to reduce much the aeration requirement of the whole 
systems. 

The pre-denitrification configuration appears to be not well-adapted to MBR 
technology. In contrast, post-denitrification process configurations can be in some cases 
favourable to MBR systems, and improve their performances. 

It is to be noted that post-denitrification is reported in the literature for conventional 
activated sludge systems, but always while resorting to the addition of carbon sources 
(Wilson T.E. and Newton D., "Brewery Wastes as a Carbon Source for Denitrification at 
Tampa, Florida, May 1973", presented at the 28th AnnualJPurdue Industrial Waste 
Conference ; Mitsdorfer R. and Gerhart U., "Nachgeschaltete Methanol-Denitrifikation im 
Sandfilter", gwf 133, 1992, Heft 9). The inventors claim that unlike conventional sludge 
systems, the addition of carbon sources is not required to achieve efficient post- 
denitrification with membrane bioreactor. Nevertheless, it will be understood that, despite 
the fact that the addition of a carbon source is not compulsory during the implementation 
of the present invention, it will be possible to add such a carbon source without drawback. 

Description of the invention 

This description is made in reference to figures 1 to 5. 
The following definitions will be used. 
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Type of membrane filter: The expression "membrane filter" refers to any type of 
membrane microfiltration or ultrafiltration device, with pore size ranging from lOnm to 
10pm. 

5 Source of water. The expression "water to be treated" refers to any type of waste 

water source subject to any pretreatment (municipal or industrial wastewater, screened or 
presettled, etc). 

Design of biological zones: The expressions "anaerobic zone", "anoxic zone" and 
"aerobic zone" refers to any type of biological reactor (plug-flow, well-mixed, or non- 
10 defined), maintained respectively under anaerobic, anoxic and aerobic conditions. The term 
"zone" refers to one or a succession of several biological reactors containing a biological 
mixed liquor. The invention is also valid for alternative reactor geometries, such as 
carrousel or meander reactors, which ensure successive aerobic and anoxic conditions of 
the mixed liquor. 

15 Aerobic conditions: The term "aerobic mixed liquor" refers to any mixed liquor in 

which the level of dissolved oxygen would be maintained over 0,1 mg/L. 

Anoxic conditions: The term "anoxic mixed liquor" refers to any mixed liquor in 

/ i . . . 

; i ■ . . 

which the level of dissolved oxygen would beumtaintained below 0,1 mg/L, and with a 
presence of nitrate. 

20 Anaerobic conditions: The term "anaerobic mixed liquor" refers to any mixed 

liquor in which the level of dissolved oxygen would be maintained below 0,1 mg/L, and 

the level of nitrate would be maintained below 0.1 mg/L. 

Source of carbon: The expression "source of carbon" refers to any material 

containing a carbon substrate which is made available for organisms. This includes, but is 
25 not limited to, raw water and derivatives, chemicals such as methanol, acetate, glucose, etc, 

or any industrial solid or liquid product (molasses, etc). 
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The invention relates to a process configuration for biologically treating waste 
water. It involves a biological reactor set-up with a post-denitrification zone and a 
membrane filter. The process includes a minimum of two distinct zones, an aerobic zone 
(1), and an anoxic zone (2), containing an aerobic and an anoxic mixed liquid liquor, and a 
5 membrane filter (3). The membrane filter can be set up in an external zone (Figure 1), 
immersed in the anoxic zone (Figure 2), or immersed in an additional aerobic zone (4), 
(Figure 3). Water to be treated (5) flows first into the aerobic zone (1). Aerobic mixed 
liquor (6) flows to the anoxic zone (2). Post-denitrification of nitrate N03 occurs in this 
anoxic zone. Anoxic mixed liquor flows (2) to the feed side of the membrane filter (3), and 

10 optionally back (8) to the aerobic zone (1). The membrane filter treats the mixed liquor to 
produce a treated effluent (9) lean in nitrogen, BOD, COD and organisms at a permeate 
side of the membrane filter and a liquid rich in rejected solids and organisms. Some or all 
of the material rejected by the membrane filter is removed from the process either directly 
(10) or by returning the material rejected by the membrane filter to one of the zones (11, 

15 12) and wasting the mixed liquor from the aerobic or the anoxic zone (13, 14). In a first 
variation (Figure 4), an anaerobic zone (15), containing an anaerobic mixed liquor, is 
added in front of the aerobic zone (1), in order to achieve enhanced biological phosphorous 
removal. In this variation, mixed liquor flows from the anoxic zone to the anaerobic zone 
(16). A pre-fermenter zone, containing the water to be treated, can be also optionally added 

20 (17), in order to improve the characteristics of the water to be treated and to foster 
enhanced biological phosphorous removal. In a second variation (Figure 5), a source of 
carbon (18) is added in the anoxic zone, in order to improve the post-denitrification 
capacity. Other chemicals or products can be also added at specific places of the process 
according to needs (such as addition of coagulant to precipitate phosphorous, addition of 

25 acid or base to adjust pH, or addition of polymer to enhance performances of membrane 
filter). 

The process according to the invention shows the following advantages. 
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Compared to traditional configurations of MBR systems, operating in pre- 
denitrification mode, the post-denitrification configuration is expected to achieve better 
effluent quality for nitrate (typically less than 5 mg N/L) and total nitrogen (typically less 
than 10 mg N/L). When an anaerobic zone is added (first variation), low total phosphorous 
5 content is also expected in the effluent (typically less than 1 mg N/L). The process will be 
also more compact, and will require lower mixed liquor flow rates, therefore lower power 
requirement. In addition, a simpler control strategy to optimise nitrogen removal is 
expected (except when carbon source is added). 

This system can be operated under the following ranges of operation.conditions: 
10 Solid retention time (sludge age) 10 - 50 days 

Hydraulic retention time 1 0 - 70h 

Mixed liquor suspended solid (sludge concentration) 5-20 g/L 

Mass organic load 0.05 - 0.25 kgCOD / kgMVS.d 

Mixed liquor flow rate from membrane filter to aerobic zone (11) 50 - 500% (re. unit 

15 throughflow) 

Mixed liquor flow rate from anoxic to anaerobic zone (16) 25 - 200% (re. unit 
throughflow) 



Examples 

20 A continuous process pilot plant was set up to confirm the advantages of this 

invention on pre-denitrification processes traditionally used with membrane bio-reactors. 
The post-denitrification reactor was set up according to Figure 4 with a separated aerated 
membrane filter system, whereas the pre-denitrification reactor consisted in the succession 
of anaerobic zone, anoxic zone and aerobic zone, with the same membrane system. Sludge 

25 retention time (SRT) was kept constant at 15 days and 25 days during further trials. The 
reactors were continuously fed with a constant flowrate of degritted municipal wastewater. 
The hydraulic retention times (HRTs) of each zone are given in Table 1 below. 
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Table 1 



Post-denitrification 


Anaerobic 


Aerobic 


Anoxic zone 


Aerated 


Overall 


reactor 


zone 


zone 




filter 


bioreactor 










chamber 




Operating HRTs 


3.7h 


4.3h 


9.7h 


3.3h 


21h 


Pre-denitrification 


Anaerobic 


Anoxic zone 


Aerobic 


Aerated 


Overall 


reactor 


zone 




zone 


filter 


bioreactor 










chamber 




Operating HRTs 


3/7h 


8.5h 


5;5h 


3.3h 


21h 



After 2-3 sludge ages of continuous operation, an extensive analysis campaign was carried 
out over 2 weeks. 24h average sample were taken everyday from each reactor affluent and 
5 analysed. Table 2 presents the average results of these analyses for the trials undertaken 
with 15 day sludge age. 



Table 2 





COD 


NH 4 -N 


N0 3 -N 


NT 


PT 




(mg O/L) 


(mg N/L) 


(mg N/L) 


(mgN/L) 


(mg P/L) 


Post-denitrification reactor 










Influent 


653 


39.0 


0.33 


60.0 


8.4 


Effluent 


31.4 


0.05 


4.2 


5.9 


0.07 


Removal 


95.2% 


99.9% 




90,2.0% 


99.1% 


Pre-denitrification reactor 










Influent 


1088 


41.3 


0.42 


69.7 


10.5 


Effluent 


35.7 


0.49 


6.0 


9.2 


0.10 


Removal 


96.7% 


98.8% 




86.8% 


99.0% 
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Both experiments were undertaken under the same operation conditions and for a 
similar quality of raw water. Table 2 shows that for COD and PT parameters the 
purification performances of the post-denitrification system are comparable to the pre- 
denitrification configuration, or slightly better. The difference between both system is 
5 greater for nitrogen parameters. The post-denitrification reactor achieved greater degree of 
ammonia and nitrogen removal, and lower nitrate values in the effluent In particular, the 
post-denitrification reactor achieved 90,2% nitrogen removal, producing a 5.9 mg N/L 
effluent, whereas the pre-denitrification reactor achieved only around 87% with 9.2 mg 
N/L. 
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CLAIMS 

1. A method for treating water to remove nitrogen to required low treatment level, 
using post-denitrification mechanisms without addition of carbon sources, and 
characterized in that it comprises the steps of : 

(a) providing an aerobic zone (1) having an aerobic mixed liquor having 
organisms which degrade the carbonaceous matter and nitrify the aerobic mixed 
liquor; 

(b) providing an anoxic zone (2) having an anoxic mixed liquor having 
organisms which denitrify the anoxic mixed liquor without any need of additional 
carbon sources; 

(c) flowing water to be treated into said aerobic zone (1); 

(d) flowing aerobic mixed liquor into said anoxic zone (2); 

(e) contacting anoxic mixed liquor against the feed side of a membrane filter 
(3); 

(f) producing a treated effluent lean in nitrogen, BOD, COD suspended solids 
and organisms from a permeate side of the membrane filter (3); and 

(g) removing some or all of the material rejected byllthe. membrane filter (3) 
from the process, 

said steps being performed substantially continuously and simultaneously. 

2. A method for treating water to remove nitrogen to required low treatment level, 
using post-denitrification mechanisms without addition of carbon sources and 
comprising the steps of 

(a) providing an aerobic zone (1) having an aerobic mixed liquor having 
organisms which degrade the carbonaceous matter and nitrify the aerobic 
mixed liquor; 
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(b) providing an anoxic zone (2) having an anoxic mixed liquor having 
organisms which denitrify the anoxic mixed liquor without any need of additional 
carbon sources; 

(c) flowing water to be treated into said aerobic zone (1); 
5 (d) flowing aerobic mixed liquor into said anoxic zone(2); 

(e) flowing the anoxic mixed liquor into an aerated zone (4) containing a 
membrane filter; 

(f) producing a treated effluent lean in nitrogen, BOD, COD suspended solids 
. and organisms from a permeate side of the membrane filter (3); and 

10 (g) removing some or all of the material rejected by the membrane filter (3) 

from the process, 

wherein the steps above are performed substantially continuously and substantially 
simultaneously. 

15 3. The method of anyone of claims 1 or 2 wherein said anoxic mixed liquor flows to 
the aerobic zone. 

, 4. The method of anyone of claims 1 to 3 wherein material rejected by. the membrane 
filter (3) is also mixed with said aerobic mixed liquor. 

20 

5. The method of anyone of claims 1 tto 3 wherein material rejected by the membrane 
filter (3) is also mixed with said anoxic mixed liquor. 

6. The method of anyone of claims 4 or 5 wherein the step of removing material 
25 rejected by the membrane filter (3) from the process is accomplished by removing said 

aerobic mixed liquor containing material rejected by the membrane filter (3). 
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7. The method of anyone of claims 4 or 5 wherein the step of removing material 
rejected by the membrane filter (3) from the process is accomplished by removing said 
anoxic mixed liquor containing material rejected by the membrane filter (3). 

5 8. The method of anyone of claims 1 to 7 inclusive further comprising the steps of 
providing an anerobic (15) zone having an anaerobic mixed liquor; 
(flowing water to be treated into said anaerobic zone (15); 
flowing anaerobic mixed liquor into said aerobic zone (1); and 
flowing anoxic mixed liquor into said anoxic zone (2). 

10 

9. The method of claim 8 further comprising the steps of 

providing a pre-fermenter zone (17) containing fermented water; 
flowing water to be treated into the pre-fermenter (17) zone; and 
flowing the fermented water into the anaerobic zone (15). 
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